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(71) We KOLLMORGEN CORPOR- 
ATION of 31 Sea Cliff Ave., Glen Cove, 
New York, United States of America, a 
company organized and existing under the 
5 laws of the State of New York, United 
States of America, do hereby declare the in- 
vention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
10 lady described in and by the following 
statement: — 

This invention relates to motor drive sys- 
tems, and more specifically to a stepping 
motor drive system. 
15 A numerical-control drive system is a 
system in which desired mechanical opera- 
tions are performed and controlled auto- 
matically as a function of an electronic, 
numerical input. The input may take the 
20 permanent form of a punched tape, punched 
cards, magnetic tape, or may take the tem- 
porary form of a decade switch. The desired 
mechanical output may be achieved by 
electrical, hydraulic, or pneumatic drives. 
25 Numerical-control drive systems have been 
itilized, particularly in the area of feed-drive 
;ontrol systems, for numerically-controlled 
aiachine tools, which use a stepping motor 
Irive. A stepping motor drive allows sim- 
30 plicity of construction, relatively low cost, 
ind reliable action with simple open-loop 
control (when used within the ratings of the 
;tepping motor). 
However, the utility of a stepping motor 
35 Irive system has been found to be severely 
limited in applications for which the step- 
ping motor is not rated. Stepping motors 
vvhich are required to drive a relatively high 
mertia load have been unable to start re- 
40 iiably except at low stepping rates. Further- 
more, in achieving somewhat higher- than- 
rated stepping rates, careful programming 
has been necessitated- Experience indicates 
liat, under conditions of relatively high 
45 nitial loads or high stepping rates, the step- 



ping motor will either stall or otherwise fail 
ro perform adequately. 

It is the obect of this invention to over- 
come these inadequacies and disadvantages 
of stepping motor drives. 

The drive system of this invention for de- 
veloping a controlled mechanical output 
comprises a stepping motor operable in res- 
ponse to a first input signal means; and a 
high-torque direct-current motor having a 
low inertia rotor assembly, operable in res- 
ponse to a second input signal means; the 
shaft of said stepping motor and the shaft of 
said direct-current motor being rigidly con- 
nected so that the torque of the direct- 
current motor being rigidly connected so 
that the torque of the direct-current motor 
always aids the torque of the stepping motor 
thus providing a controlled mechanical 
output. 

In the drive system of the invention the 
direct-current motor supplies a torque boost 
to the stepping motor which permits the 
stepping motor to step at a greatly increased 
rate, without the normal inhibitions due to a 
relatively high inertia load. The inherent 
reliability and ability of the stepping motor 
to hold its position between commands re- 
mains unaffected by the arrangement of this 
invention. At the same time the drive system 
of the invention possesses the high speed, 
high torque, fast response characteristics of 
a direct-current motor having a low inertia 
rotor assembly. Drive systems of this inven- 
tion can, therefore, reliably respond and per- 
form over a relatively extensive range of 
required speeds and required torques. 

The present invention is illustrated in the 
accompanying drawing, in which: 

Figure 1 is a .block diagram showing the 
direct current motor and stepping motor 
drive employed in a numerical-control drive 
system and 

Figure 2 is a block diagram showing the 
direct current motor and stepping motor 
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drive with a modified numerical control drive 
system. 

Referring to Figure 1, the numerical motor 
drive control system generally indicated at 
10 includes means for transmitting informa- 
tion 12, which in Figure 2 comprises an in- 
put reader 14, a decremental counter 16, and 
an oscillator and translator 18. The informa- 
tion transmitting means 12 produces auto- 
matically controlled signals, - e.g., from a 
magnetic tape, which indicate electrically, a 
mechanical operation to be performed by the 
system, such as, the raising and lowering of 
a tool-carrying table 20, in an accurate, 
controlled fashion. 

The signals from the information trans- 
mitting means 12 are coupled to two sensing 
devices which indicate electrically the re- 
quired speed and direction of the table 20. 
These sensing devices are referred to as the 
magnitude-sensing means 22 and the direc- 
> tion-sensing means '24, respectively. The 
magnitude-sensing means 22 indicates, in the 
form of a voltage signal, the rate at which 
the tool-carrying table 20 is to travel. As 
shown in Figure 2, the magnitude-sensing 
means 22 is comprised of a ramp generator 
means 26, a level-sensing means 28, and a 
flip-flop 30. 

The magnitude-sensing means 22 and the 
direct ion -sensing means 24 provide input, 
signals to a constant current d.c. drive 32. 
Direct current drive 32 energizes a high- 
torque, low-inertia, iron-free coil armature 
rotor direct-current motor 34 causing the 
shaft 36 to rotate with a constant torque. 
Shaft 36 is mechanically attached to a load 
such as the tool-carrying table 20 in Figure 2. 
The direct-current motor shaft 36 is also 
coupled to the shaft 38 of the stepping-motor 
40, so that the rotation and torque present 
on either shaft will be transmitted to the 
other shaft. The shafts 36 and 38 represent 
the end sections of a single shaft 42 coupled ~ 
together by middle section or coupler 44. 
The coupler 44 locks the shafts 36 and 38 
together. 

The signals transmitted by the informa- 
tion transmitting means 12 are also trans- 
mitted to a stepping motor drive 46 and then 
applied to the stepping motor 40. 

The information transmitting means 12 
simultaneously transmits automatically con- 
trolled signals to the constant current direct- 
current drive 32 to control the torque of the 
direct-current motor 34, and to the stepping- 
motor drive 46 to provide controlled rota- 
tion of the shaft 38 of the stepping motor 40. 
(The stepping motor may be of the type 
disclosed in United States Patent No. 
2,931,929, Snowdon et alX 

The numerical control drive system 10 
shown in Figure 1 does not utilize closed- 
loop feedback between the mechanical out- 
put of the system and the electrical input. 
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The reliability of the stepping motor 40 
makes open-loop operation practicable. 

Figure 2 illustrates a numerical control 
drive system 47 in closed-loop form. The 
closed -loop serves to verify that the system 
47 is operating properly. Transducer 48 con- 
verts the mechanical output of shaft 36 into 
an electrical signal which is transmitted by 
lead 50 to the decremental counter 16. At 
decremental counter 16, the number of 75 
mechanical rotations completed are com- 
pared with the number of rotations the 
information transmitting means 12 has 
commanded to be performed. 

Referring to Figure 2. reader 14 reads 80 
from a punched tape, magnetic tape, or the 
like, a program corresponding to the num- 
ber of steps required to perform a desired 
mechanical operation. The number of steps 
is temporarily stored in counter 16. The 85 
number is thereafter decremented as -counter 
16 communicates a series of pulses to the 
oscillator and translator 18. The pulses cor- 
respond to incremental displacement desired 
at the output. From the oscillator and trans- 90 
lator 18, automatically-controlled signals 
are fed simultaneously to the stepping motor 
'drive 46, direction sensor 24, and ramp 
generator 26. The signals transmitted to the 
stepping motor drive 46 control the step- 
ping movement of the common shaft 41 of 
motors 34, 40. The signals transmitted to the 
direction sensor 24 control the direction of 
rotation of output shaft 42 of the motor 34, 
preventing improper reversal of the shaft 100 
42 by maintaining the proper polarity on 
direct current drive 32. The signals trans- 
mitted to the ramp generator 26 are accumu- 
lated and summed in the form of a ramp 
voltage. The voltage level of the ramp is 105 
measured by the level sensor 28 which trig- 
gers flip-flop 30 when a predetermined level 
is sensed. The output signal from the flip-flop 
30 is fed by means of the constant current 
direct-current drive 32 to the direct-current 110 
motor 34 to provide a torque boost to the 
common shaft 41. 

As the direct-current motor 34 is driven by 
the signals emanating from flip-flop 30, step- 
ping motor 40 will step at a higher rate with 115 
an added torque boost. Transducer 48, which 
may be optica), magnetic, or of such similar 
nature, serves to verify that the proper num- 
ber of incremental steps have been made. 

It should be understood by those skilled in 
the art that various modifications may be 
made in the present invention without de- 
parting from the scope thereof, as defined in 
the appended claims. 

WHAT WE CLAIM IS::— 
1. A drive system for developing a con- 
trolled mechanical output, comprising: 

a stepping motor operable in response to 
a first input signal means; and 
a high-torque, direct-current motor having 1 30 
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a low-inertia rotor assembly, operable in re- 
sponse to a second input signal means; the 
shaft of said stepping motor and the shaft 
of said direct-current motor being rigidly 
5 connected so that the torque of the direct- 
current motor always aids the torque of the 
stepping motor thus providing a controlled 
mechanical output. 

2. A drive system as claimed in Claim I 
10 wherein: 

said stepping motor includes a drive shaft 
rotatable in response to a signal from said 
first input signal means; 

said direct-current motor includes a drive 
15 shaft rotatable in response to a signal from 
said input signal means; 

and means to mechanically couple said 
drive shafts for dependent rotation in 
response to signals from said first and 
20 second signal means. 

3. A drive system as claimed in claim 1 
including: 

transducer means for generating signals in 
response to the controlled mechanical out- 
25 put from said motors, said transducer means 
being electrically coupled to said first and 
second input signal means. 

4. A drive system as claimed in claim I 
wherein: 

30 said input signal means to said direct- 
current motor includes information trans- 
mitting means, direction sensor means, mag- 
nitude sensor means, and a constant current 
transmitting means being coupled to said 

35 direct-current drive means, said information 
direction and magnitude sensor means, said 
direction and magnitude sensot means being 
electrically connected to said constant cur- 
rent direct-current drive means, and said 

40 constant current direct-current drive means 
being electrically connected to said direct- 
current motor; 



and said input signal means to said step- 
ping motor includes said information trans- 
mitting means and stepping motor drive 45 
means, said information transmitting means 
being electrically connected to said stepping 
motor drive means and said stepping motor 
drive means being electrically connected to 
said stepping motor. 50 

5. A drive system as claimed in Claim 4 
wherein: 

said magnitude sensor means includes 
ramp generator means for accumulating and 
summing the magnitudes of the signals from 55 
said information transmitting means to form 
a ramp voltage, level sensor means con- 
nected to said ramp generator means for 
measuring the level of the ramp voltage to 
provide an output signal when a predeter- 60 
mined voltage level is sensed, and a flip-Hop 
connected to said level sensor means for 
generating an output in response to a signal 
from said level sensor means. 

6. A drive system as claimed in Claim 4 65 
wherein: 

said information transmitting means in- 
cludes input reader means, decremental 
counter means coupled to said input reader 
means, and oscillator and translator means 70 
electrically connected to said decremental 
counter means. 

7. A drive system as claimed in Claim 6 
including: 

a feedback loop having a transducer which 75 
converts the controlled mechanical output 
into electrical signals and transmits the 
electrical signals to said decremental counter 
means to verify that the mechanical output 
of the system corresponds to the output 80 
signals from said decremental counter means. 
K. A. EGERER, 
for and on behalf of 
Kollmorgen Corporation. 
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